The molecular events associated with susceptible plant responses to disease-causing organisms are not well understood. We have previously shown that ethylene-insensitive tomato plants infected with Xanthomonas campestris pv. vesicatoria have greatly reduced disease symptoms relative to wild-type cultivars. Here we show that salicylic acid (SA) is also an important component of the susceptible disease response. SA accumulates in infected wild-type tissues and is correlated with necrosis but does not accumulate in ethylene-insensitive plants. Exogenous feeding of SA to ethylene-de®cient plants restores necrosis, indicating that reduced disease symptoms are associated with failure to accumulate SA. These results indicate a mechanism for co-ordination of phytohormone signals that together constitute a susceptible response to pathogens.
Introduction
Plants must deal with a wide range of biotic and abiotic environmental pressures by responding in an appropriate manner. Responses can be rapid and speci®c, and usually involve transcriptional induction of a set of genes whose products are tailored to the particular stress. Because the metabolic cost of producing a battery of gene products is high, defense responses are turned on only when needed. Abundant data point to phytohormones as co-ordinators of these defense responses.
Plants produce ethylene in response to most biotic and abiotic stresses (Abeles et al., 1992) . Ethylene is an ideal signal for slowing growth in response to external stress. It is rapidly synthesized, diffusible, readily dissipated, and known to induce expression of many stress-associated genes (Boller, 1991) . But different stresses require speci®c responses. Although ethylene is a common denominator in most stresses, there must be mechanisms whereby a plant integrates multiple inputs into a response appropriate for the particular stress.
Defense responses include the reaction of plants to disease-causing organisms (Hammond-Kosack and Jones, 1996) . Plant±pathogen interactions can be broadly categorized as either compatible or incompatible. In an incompatible interaction, a plant mounts a rapid resistant response to the pathogen that leads to death of the plant cells in the immediate vicinity of the infection. In contrast, a compatible interaction leads to a susceptible response that is not spatially limited. The pathogenic organism can proliferate in and on the plant. In many cases unchecked growth of the organism may lead to extensive death.
The correlation of many plant diseases with ethylene evolution has led to speculation that ethylene has a major role in symptom development. Whether the ethylene produced during infection is a causative agent or the consequence of cellular damage has been a continuing source of debate. Only recently, with the development of molecular and genetic tools, has it been possible to address this point. It is now apparent that there is a very important role for ethylene in the development of disease symptoms in response to many pathogenic organisms. While ethylene does not appear to be essential for a resistant response (Bent et al., 1992; Ciardi et al., 2000; Lawton et al., 1995) , the situation is less clear with respect to susceptible responses. There are reports of ethylene insensitivity leading to both increases and decreases in disease severity, depending on the plant/pathogen com-bination. In a susceptible response of Arabidopsis to Xanthomonas campestris pv. campestris and Pseudomonas syringae pv. tomato (Pst), the ethyleneinsensitive ein2 mutant exhibited a large reduction in disease symptoms (Bent et al., 1992) . Similarly, symptom development following virulent X. campestris pv. vesicatoria (Xcv) or Pst infection of an ethylene-insensitive tomato, Never ripe (Nr), was also greatly attenuated (Lund et al., 1998) . The attenuated symptoms are due to tolerance rather than resistance as bacterial growth was identical in wild-type and mutant leaves. While there was no difference between wild type and Nr in initial lesion formation, subsequent chlorosis and necrosis spreading out from the initial lesions was absent or greatly reduced in Nr. Thus the plant response to the pathogen can be divided into at least two phases de®ned by the effects of ethylene. These results de®ne a central role for ethylene in tomato defenses against virulent pathogens. When ethylene action is impaired, visible symptoms are reduced. In contrast to these observations, there are several reports of ethylene insensitivity leading to increased susceptibility to pathogens of tobacco (Knoester et al., 1998) , soybean (Hoffman et al., 1999) and Arabidopsis (Thomma et al., 1999) . Finally, there are other plant/pathogen combinations in which ethylene insensitivity has no effect on the outcome of disease (Hoffman et al., 1999) .
Ethylene is not the only hormone with a possible role in plant defenses against pathogens. Salicylic acid (SA) and jasmonic acid (JA) are known to induce a range of pathogenesis-associated genes (Reymond and Farmer, 1998) , and have been shown to modulate responses to a variety of pathogenic organisms (Dong, 1998) . Salicylic acid is also important for the establishment of systemic resistance (SAR) to pathogens (Sticher et al., 1997) , although there is an alternative systemic resistance pathway that requires ethylene and JA responsiveness (Pieterse et al., 1996) . Much of the de®ning work with SA has employed transgenic plants expressing salicylate hydroxylase (nahG), an enzyme that degrades SA to catechol (Gaffney et al., 1993) . Removal of SA compromises the resistant response to pathogens (Delaney et al., 1994) . There is also evidence implicating SA in cell death processes (Dangl et al., 1996; Weymann et al., 1995) . In some cases, removal of SA also increases the severity of disease caused by compatible pathogens (Delaney et al., 1994) , although its role in susceptible responses has not been extensively examined.
How ethylene regulates the susceptible response to Xcv is the focus of the present work. We have sought to identify mechanisms whereby ethylene promotes widespread tissue damage. As a part of that effort, we have examined whether ethylene in¯uences other signal transduction pathways believed to be important in pathogenesis. Here we establish that ethylene synthesis and action are necessary for subsequent accumulation of SA. This SA is an essential component of the tomato response to virulent Xcv, and is required for the spreading chlorosis and necrosis that constitutes Xcv-induced disease. Thus tomato uses at least two hormones in concert to regulate pathogen response.
Results
Ethylene and salicylic acid act in an equivalent manner in a compatible response
We have previously described the effects of reduced ethylene synthesis and perception on the course of Xcvinduced disease in tomato (Lund et al., 1998) . In the ethylene-insensitive Nr mutant and an ethylene-underproducing ACC deaminase line (ACD), visible symptoms were greatly attenuated. We were interested to compare this progression of disease to that in a line altered in its ability to accumulate SA. In order to accomplish this goal, we used a transgenic tomato line expressing nahG as well as its isogenic parent, Moneymaker (MM) (Brading et al., 2000; Oldroyd and Staskawitcz, 1998) . The Nr, ACD and NahG lines and their isogenic parents were infected with Xcv as described previously (Lund et al., 1998) . The three wild-type controls were found to act in a similar manner to each other, so any altered responses detected in the mutant or transgenic lines are probably a function of the mutation or transgene described.
The ®rst visible symptom of infection in all the lines was the appearance of discolored areas on the abaxial leaf surfaces at 4 days post inoculation (dpi). Trypan blue staining of infected tissue at 8 dpi con®rmed that these were regions of cell necrosis (Figure 1a ). There were no visible differences among any of the tested lines. Lesion size and number were not affected in the ethylene-or SAinhibited lines. Further staining of tissue showed that lesion diameter increased slightly up to 12 dpi and maintained a constrained border (data not shown). The primary response of tomato to Xcv infection is therefore cell death immediately surrounding the point of infection via a pathway that is ethylene-and SA-independent. Figure 1 (b) shows the macroscopic development of disease during the secondary stage of infection, and illustrates how cells surrounding the site of infection have an altered fate in both the ethylene-and SA-inhibited lines. In the wild-type controls, chlorosis ®rst became evident at the leaf edge at 8 dpi. By 10 dpi chlorosis had spread throughout the leaf blade, and at 12 dpi areas of necrosis centered within highly chlorotic regions were apparent (Figure 1b ,c). This secondary necrosis then expanded rapidly, frequently resulting in organ death and in some cases in leaf abscission by 16 dpi. In contrast, the Nr, ACD and NahG lines showed no signi®cant chlorosis or necrosis at 16 dpi.
In addition to the observed differences in chlorosis between the wild-type controls and Nr, ACD and NahG, transcript levels of two photosynthesis-related genes, cab and rbcS, were determined. Figure 2 shows that the steady-state transcript levels of both genes were reduced in the wild type, but less so in either Nr, ACD or NahG. This result con®rms that Xcv-induced chlorosis is a senescence-like process consistent with an orderly disassembly of the cellular machinery promoted by ethylene and SA.
Assessment of the growth of Xcv in NahG, compared to that in MM, showed that there was no reduction in bacterial numbers in the NahG line. In both cases, numbers of bacteria increased by 4000-fold over the course of the experiments (data not shown). Salicylic acid therefore appears to act similarly to ethylene in this response, as inhibition of either signal results in marked reduction in symptom development without a direct effect on pathogen growth.
Based on these results, it was concluded that while the pathway leading to Xcv-induced primary lesion formation is both SA-and ethylene-independent, the subsequent cell death associated with the secondary phase of disease is dependent on ethylene and SA action.
Xcv induces an ethylene-dependent increase in SA
The disease responses of the Nr mutant and the nahGexpressing line, presented above, suggest that ethylene and SA regulate the plant response in a similar way. To test whether SA and ethylene act independently or cooperatively via an ethylene/SA-dependent pathway, ethylene and SA levels were measured in all lines. Ion leakage was used as a quantitative indicator of cell death. Figure 3 shows the transient induction of ethylene biosynthesis in response to Xcv infection. The rate of ethylene synthesis was maximal at 4±6 dpi in all of the lines except the ethylene-inhibited ACD line, where levels remained basal throughout the course of infection. The rise in ethylene production preceded the onset of primary lesion formation and chlorosis. Infected NahG plants routinely produced more ethylene than wild-type plants. Restricted disease symptoms in NahG therefore do not result from the loss of ethylene action. Salicylic acid may, however, inhibit ethylene biosynthesis during this response.
Infection by Xcv was associated with a substantial increase in SA accumulation ( Figure 3 ). Levels of SA in the wild-type susceptible controls (Pearson, UC82B and MM) began to increase at »10 dpi, subsequent to ethylene production but around the time when extensive chlorosis and necrosis was evident. The maximal levels of SA accumulation occurred by 12 dpi and were coincident with increases in ion leakage and tissue collapse. The NahG line showed no increase in SA accumulation, as expected. The loss of disease symptoms in NahG is therefore correlated with reduced SA accumulation. Furthermore, normal ethylene production in NahG suggests that SA accumulation is either independent or downstream of ethylene. When SA levels in the Nr and ACD lines were measured, both showed little SA accumulation relative to wild-type lines. Accumulation of SA in response to Xcv infection is therefore dependent on ethylene synthesis and action.
Taken together, these results indicate that the level of SA, but not of ethylene, correlates with the severity of disease symptom development. The SA that accumulated in response to Xcv infection was dependent on ethylene action. Ethylene and SA therefore appear to act cooperatively in this susceptible response to a pathogenic organism.
Salicylic acid does not in¯uence an incompatible interaction
The substantial increase in SA accumulation following infection with a compatible Xcv was next compared with the response to an incompatible Xcv. Strain 87-7 contains the avirulence gene avrBs3-2, and induces a hypersensitive response in Pearson and Nr (Ciardi et al., 2000) . Figure 4 shows the time course of SA accumulation in Pearson following infection with Xcv 87-7. There was an increase in SA levels that peaked at 5 dpi, signi®cantly earlier than in a compatible interaction. This increase was minimal relative to that of tomato responding to virulent Xcv, which was 15-fold higher (Figure 3 ). This relatively minor increase in SA level in response to avirulent Xcv suggests that SA has a minimal role in resistance. This was veri®ed by infection of MM and NahG with Xcv 87-7. The avirulent response was indistinguishable in the two lines, con®rming the lack of an essential role for SA in this interaction (data not shown). Leaves of the Xcv-tolerant lines (Nr, NahG and ACD) were harvested at 0, 4, 8 and 12 dpi along with their susceptible parental controls (Pearson, MM and UC82B, respectively). Total RNA was extracted, electrophoresed and blotted onto nylon membranes prior to hybridization with either a 32 P-labeled cab or rbcS probe.
Salicylic acid is directly correlated with cell death
Hormone analysis indicated that rises in SA correlate with the occurrence of secondary disease symptoms. Further, Xcv-induced SA accumulation was dependent on ethylene synthesis and action. To test whether this ethylene/SA pathway was indeed responsible for Xcv-induced disease, SA was added to Nr and ACD plants 8 days following Xcvor mock-inoculation. Addition of SA (2 mM) to mockinoculated Nr and ACD plants via root watering had no visible effect (Figure 1d ), and did not increase ion leakage ( Figure 5 ). Thus SA treatment was not toxic to uninfected plants. In contrast, SA addition to Xcv-infected Nr and ACD did result in the production of necrotic lesions and an increase in ion leakage.
Measurement of the levels of total SA in the SA-fed plants (Table 1) showed that only the Xcv-infected Nr and ACD plants (lines 3 and 7) accumulated high levels of free SA. These levels were equivalent to those in infected wildtype plants (lines 1 and 5). Infected tissue accumulated more total SA than mock-inoculated tissue. This higher content in infected tissues would be consistent either with higher rates of de novo synthesis in the infected tissue, or a higher rate of catabolism in the mock-inoculated tissue. At this time we cannot distinguish between these two possibilities.
Addition of SA to Nr and ACD therefore restores widespread tissue necrosis in infected tissue. Xcv infection is required for Nr and ACD to accumulate free SA in response to exogenous SA application, and for the production of necrosis. Necrosis occurred without the prior appearance of chlorosis, suggesting that SA may act late in the response and that additional factors, also downstream of ethylene, are part of the normal course of disease progression.
Discussion
Previously we showed that the tomato response to a virulent strain of Xcv consists of two distinct phases that can be distinguished with respect to their dependency on ethylene (Lund et al., 1998) . The primary response that occurs in cells surrounding the site of infection results in the production of punctate lesions and is ethylene-independent. The secondary response occurs in the surrounding tissues, involves a spreading chlorosis followed by expanding necrosis, and is ethylene-dependent. Infection of the ethylene-insensitive tomato mutant Nr results in a pseudo-resistant phenotype, termed tolerance: bacteria successfully colonize the tissue in the absence of secondary disease symptoms. The necrosis associated with the secondary phase appears to act on healthy tissue and to be a host-regulated response. Our interest was to elucidate the signal transduction pathway(s) that comprise this defense response and the role of ethylene within it.
Because SA has a signi®cant role in the induction of host responses to pathogens, we sought to determine whether it has a role in the tomato±Xcv interaction. We determined that the response of the SA-de®cient NahG line to Xcv phenotypically resembled that of the ethylene-compromised lines Nr and ACD. Primary lesion size and numbers, as well as bacterial growth, were found to be unaltered relative to wild type, showing that these processes are independent of SA. This is in contrast to Arabidopsis and tobacco, where NahG plants typically show increased symptom development and pathogen growth (Delaney et al., 1994) . However, SA is important for the secondary phase of disease symptom spread; inhibition of SA accumulation prevents the spreading chlorosis and necrosis but does not limit bacterial growth. Salicylic acid therefore acts in a similar manner to ethylene in the tomato±Xcv compatible response.
For the tomato±Xcv interaction, our results indicate that ethylene synthesis and perception precede and are necessary for subsequent accumulation of SA, and that a block in either ethylene or SA accumulation leads to tolerance. Infected tissues that do not respond to ethylene do not accumulate SA. Tissues that do not accumulate SA do not exhibit spreading chlorosis leading to cell death. Salicylic acid levels in the wild-type lines correlate with necrosis; in the infected tolerant lines added SA induces necrosis. A similar symptom-promoting role for SA was observed on introduction of intercellular¯uid containing AVR9 peptide from Cladosporium fulvum-infected tomato (Brading et al., 2000) . The Xcv-associated cell death does not appear to be the consequence of a general SA toxicity, as healthy plant tissue does not succumb to SA addition. Thus, while SA does kill cells, there must be other pathogen-induced events that precede SA synthesis in the susceptible response. A similar role for SA in plant cell death is indicated by analysis of Arabidopsis lesion mimics (Rate et al., 1999; Weymann et al., 1995) . For example, in Acd6 it was concluded that cell death is a consequence of SA interacting with a second, unidenti®ed signal (Rate et al., 1999) .
A signi®cant role for SA in susceptible plant responses is not without precedent. Compatible pathogens are capable of inducing systemic acquired resistance (SAR) in at least some cases (Cohen and Kuc, 1981; Jenns and Kuc, 1977) . The large increase in SA in response to virulent Xcv greatly exceeds what is produced in response to an avirulent Xcv. This indicates the potential for tomato plants infected with the virulent strain of Xcv to exhibit SAR. It has also been shown that Arabidopsis rapidly synthesizes SA in response to a compatible pathogen (Zhou et al., 1998) . Salicylic acid (2 mM) was fed to infected and mock-inoculated plants every second day, starting at 8 dpi (arrow) and ion leakage was determined in mock-inoculated, Nr-infected and ACD-infected plants at the times indicated.
Enhanced disease susceptibility mutants such as pad4 and eds5 have reduced levels of SA following infection with virulent pathogens (Glazebrook et al., 1996; Parker et al., 1996) . Although these latter results may seem contradictory to our tomato±Xcv results, they re¯ect the likely differences between speci®c hosts and pathogens. The initial tomato±Xcv interaction is clearly SA-independent and SA synthesis occurs quite late in the process, while Arabidopsis synthesizes SA within hours of infection with a compatible pathogen (Zhou et al., 1998) . From consideration of timing of synthesis alone, indications are that SA has a very different role in the susceptible responses of the two species. The SA-promoted cell death in response to Xcv or C. fulvum (Brading et al., 2000) suggests that the response of tomato to at least some pathogens is different from that of Arabidopsis.
Although tomato does exhibit increased SA accumulation in response to an avirulent strain of Xcv, the levels are substantially lower than when the plant is challenged with a virulent Xcv. We observed no difference in the responses of MM and NahG to the avirulent pathogen. In both lines, numbers and sizes of localized HR-associated lesions were identical. These results indicate that SA does not have a signi®cant role in the avirulent response of tomato to Xcv. The lack of a central role for SA in this avirulent response is unusual, but not without precedent, as the tomato Cf-2 and Cf-9 resistant response to C. fulvum is also independent of SA (Brading et al., 2000) , as is RPP7-mediated resistance in Arabidopsis to Peronospora parasitica (McDowell et al.,  2000) .
The work described here de®nes a defense response of tomato to a virulent pathogen that can be broken down into multiple distinct stages ( Figure 6 ). The ®rst stage, involving localized cell death, is independent of ethylene and SA. The second phase of the defense response is dependent on ethylene, lasts several days, and involves the tissue surrounding the initial lesion. While this second phase predisposes the plant to synthesize SA, there must be intervening steps based on timing alone. The third phase of the response, blocked in the NahG line, involves synthesis of SA and subsequent widespread necrosis. As feeding experiments indicate that SA accumulates to much higher levels in infected than in mock-inoculated tissues, there must also be a positive feedback loop involving SA that is dependent on the pathogen.
The role of SA in this compatible interaction is not to limit pathogen growth, but rather to propagate necrosis. This pathway sets up a host response that leads to massive cell death via an accumulation of SA. The adaptive value of this response to the plant is likely to be isolation of the organ due to abscission. The large increase in free SA may also lead to systemic acquired resistance. This latter response would effectively limit damage to subsequent pathogen challenge. Increased SA accumulation via overexpression of Pto (Tang et al., 1999) or Prf (Oldroyd and Staskawitcz, 1998) have been previously shown to induce systemic acquired resistance in tomato.
This sequential action of multiple hormones is an active host response to a disease-causing pathogen. Mutations Figure 6 . Model of hormone action in the susceptible response to Xcv. The pathogen induces a primary response in the plant consisting of localized lesions. Subsequently, ethylene and SA action are required for development of secondary symptoms. These secondary symptoms and the accompanying SA production may lead to development of systemic acquired resistance throughout the plant. In the Nr, ACD and NahG lines the secondary response is blocked, resulting in a tolerant response of the plant to the pathogen. Infections, mock inoculations and SA feeding of Nr, ACD, Pearson and UC82B were performed as described in Experimental procedures. Leaf tissue was harvested at 14 dpi and the free and conjugated SA levels (mg g ±1 T SD) were determined . Levels of free and conjugated SA levels in the nondrenched, infected Pearson, Nr and ACD lines are included for comparison.
affecting either ethylene or SA compromise the host response to Xcv. The recent literature addressing the role of ethylene in disease illustrates the dif®culties faced in trying to make generalizations concerning the roles of hormones in defense. Ethylene insensitivity has been correlated with reduced symptoms (Bent et al., 1992; Hoffman et al., 1999; Lund et al., 1998) ; increased symptoms (Knoester et al., 1998) ; or no alteration in disease outcome (Hoffman et al., 1999) . It should be noted that not all ethylene-insensitive mutants respond in an equivalent way to a pathogen (Bent et al., 1992) . There may be speci®c pathogenesis-associated functions for the various components of the ethylene signal-transduction cascade. Where alterations in host responses are observed, it is likely that host defense has been compromised. But classi®cation of effects based on visual symptoms is inappropriate and potentially misleading. For example, the reduction of visible tissue damage in Xcv-infected tomato suggests that the ethylene-insensitive Nr plant is agronomically superior. But blockage of secondary disease symptoms has no effect on bacterial growth. Whether ethylene or SA-related tolerance to Xcv is bene®cial in an agricultural sense is secondary to the conclusion that these mutants are compromised in their normal response to this pathogen. Finally, our results clearly illustrate the dif®culty of addressing the role of any single hormone in a biological system. Alterations of either ethylene synthesis or perception greatly in¯uence accumulation of SA in infected plant tissues. It has been shown that ethylene regulates jasmonic acid biosynthesis during a wound response (Kubigsteltig et al., 1999; O'Donnell et al., 1996) . We have now demonstrated that ethylene also mediates SA biosynthesis. Thus, while subsets of defense-related genes are known to be separately induced by ethylene, SA and JA (Norman-Setterblad et al., 2000) , the concept of multiple parallel pathways of gene induction is somewhat arti®cial. The defense response of a plant is a complex process regulated by all of these hormones in concert.
Experimental procedures

Plant material and treatments
Lycopersicon esculentum cvs Pearson, Moneymaker and UC82B are the wild-type parental lines for Nr, NahG and ACD, respectively, and were included in all experiments. The Nr (Lanahan et al., 1994) and ACD (Lund et al., 1998) lines have been previously described. The NahG line was obtained from Jonathan Jones and has been described previously (Brading et al., 2000; Oldroyd and Staskawitcz, 1998) . Plant growth and treatments were performed under ambient temperatures and lighting in a greenhouse. All experiments were conducted on 6-week-old plants with ®ve fully expanded leaves. Plants were inoculated with Xcv strain 93-1 by submerging the whole plant in a suspension of 10 7 cfu bacteria containing MgCl 2 (10 mM) and Silwet L-77 (0.025%), for 15 sec.
Inoculations with the avirulent Xcv strain 87-7 were as described previously (Ciardi et al., 2000) . For mock inoculations, plants were dipped in buffer alone. Salicylic acid treatments were performed by drenching the soil with SA (2 mM) pH 5.5 at the indicated times.
RNA isolation and quanti®cation
Leaves three and four of three infected or mock-inoculated plants were removed at the indicated times, combined, harvested into liquid nitrogen and stored at ±80°C. RNA was extracted in SDSphenol and puri®ed by LiCl precipitation, and 5 mg total RNA was separated on a 1.4% denaturing gel as described (Kneissl and Deikman, 1996) . 32 P-labeled probes were produced by the random primer method (Sambrook et al., 1989) using tomato EST clones cLEB8L11 and cLEB03D21 as templates for rbcS and cab expression, respectively.
Visualization of lesions
Trypan blue staining was performed as described by (Rate et al., 1999) . Three 2 cm 2 leaf discs were removed from infected or mock-inoculated leaves, at the times indicated, and boiled in lactophenol (1 : 1 : 1 : 1 v/v, lactic acid : glycerol : phenol : water) containing trypan blue (0.05% w/v) for 1 min. Leaf discs were cleared by boiling in 2 : 1 lactophenol : ethanol for 2 min then washed in 50% ethanol for 5 min.
Ion leakage and ethylene measurements
Electrolyte leakage and ethylene evolution were performed as described by (Lund et al., 1998) .
Salicylic acid determination
Leaf tissue was harvested and stored as for RNA isolation and quanti®cation. Salicylic acid and SA conjugates were extracted and analyzed as described . In brief, 0.5 g tissue was ground in liquid nitrogen, then extracted with 3 ml 90% methanol followed by 2 ml 100% methanol. The combined extracts were then divided into two, dried down and resuspended in either 2.5 ml 5% TCA (for free SA determination) or phosphate buffer (for total SA determination). Conjugated forms of SA were hydrolyzed by boiling for 30 min in acidi®ed phosphate buffer. Both fractions were then extracted twice with an equal volume of ethylacetate : cyclopentane : isopropanol (100 : 99 : 1), dried down, and resuspended in 20% methanol. Salicylic acid was identi®ed and quanti®ed by reverse phase HPLC on a 5 mm C-18 column (Beckman Ultrasphere, Fullerton, CA, USA, 4.6 Q 250 mm) and detected using a Waters 474 scanning¯uorescence detector (excitation energy 295 nm, emission energy 400 nm). Identi®cation and recovery of SA was determined by spiking a non-induced sample with a known amount of an authentic standard.
